INTRODUCTION
In most organizations, specialized knowledge is dispersed over organization members (Tsoukas, 1996) . Organization members have different educational backgrounds and working experiences and develop different perspectives. Yet, the development and production of complex goods and services normally requires the application of multiple disciplines and perspectives. Therefore, the integration of knowledge is an important task for managers and other organization members (Carlile, 2002; De Boer, Van den Bosch, & Volberda, 1999; Galunic & Rodan, 1998; Grant, 1996a Grant, , 1996b Kogut & Zander, 1992; Okhuysen & Eisenhardt, 2002; Ravasi & Verona, 2000) .
Knowledge integration has to be realized through the actions of the specialists involved, but knowledge management professionals can facilitate this task. Several mechanisms can be deployed to realize knowledge integration. An important question is what instrument is suited for what circumstances, for example, which knowledge integration mechanisms fit an exploration strategy and which mechanisms fit an exploitation strategy (March, 1991) . If organizations do not explore, they can get stuck in a suboptimal or deteriorating situation. In contrast, if organizations do not exploit, they will have high costs and low incomes. Yet, exploitation and exploration require contrasting approaches to knowledge integration.
The next section presents the theoretical background on the topic of knowledge integration. Subsequently, we describe the knowledge integration mechanisms that can be found in the literature and basic conditions for the successful utilization of these mechanisms. We introduce a framework that distinguishes knowledge integration mechanisms, which can be used to assess the value of particular mechanisms for different situations. This framework is applied in a discussion of the knowledge integration approaches that are required for exploration and exploitation. The concluding section suggests directions for future research.
BACKGROUND
Several disciplines have contributed to the study of knowledge integration. Economists and strategy theorists formulated the outlines of a knowledge-based view of the firm (Demsetz, 1991; Grant, 1996b; Galunic & Rodan, 1998; Kogut & Zander, 1992; Nelson & Winter, 1982; Teece, Pisano, & Shuen, 1997) . They have built upon work in organization science, including the information processing perspective (Galbraith, 1973; Tushman & Nadler, 1978) and earlier work on the differentiation and integration of tasks (Lawrence & Lorsch, 1967; Thompson, 1967) . Disconnected from those studies, social psychologists studied the effectiveness of knowledge integration under different conditions in experimental studies (e.g., Hollingshead, 1998; Stasser, Stewart, & Wittenbaum, 1995; Wegner, 1987) . Combining insights from these disciplines, the problem of knowledge integration can be sketched as follows.
The development and production of complex goods and services requires a wide and expanding range of technological, marketing, and organizational knowledge (Demsetz, 1991; Grant, 1996a Grant, , 1996b Tsoukas, 1996) . For example, Ford not only needs a competency in road vehicles and engines, but in 15 other major technological fields as well, including chemical processing, metallurgy, semiconductors, and instruments and controls (Granstrand, Patel, & Pavitt, 1997) . In addition to the breadth of knowledge involved, the depth of technologies-their analytical sophistication-also is increasing (Wang & Von Tunzelmann, 2000) .
A single individual cannot have the breadth and depth of knowledge required for the development and production of most goods and services. Individuals have restricted learning capacities (Simon, 1991) . Further-K more, due to the situatedness of learning processes (Lave & Wenger, 1991) , individuals are only able to become experts in fields in which they are actively involved. Finally, learning processes are characterized by an increasing rate of return (Levinthal & March, 1993) . That is, the more knowledge one has in a particular field, the easier it is to learn something new within that field. For these reasons, individuals have to specialize in a certain field in order to develop the level of expertise required. It is through the specialization of individuals in different fields, and hence the differentiation of knowledge, that an organization is able to acquire both the required breadth and depth of knowledge (Carlile, 2002; Marengo, 1993; Wegner, 1987) .
When the knowledge required for innovation or production lies dispersed across individuals, departments, and organizations, a fundamental task for organization members and management is to integrate that knowledge. The differentiation of knowledge creates a need for knowledge integration. We define knowledge integration as "the process in which different pockets of knowledge, which are valuable for a particular organizational process and held by different organization members, are applied to that organizational process." As we will discuss next, this process can be realized through several mechanisms.
KNOWLEDGE INTEGRATION MECHANISMS
Six different knowledge integration mechanisms can be found in the current literature: (1) sequencing, (2) decision support systems, (3) direction, (4) thinking along, (5) group problem-solving, and (6) knowledge transfer. These mechanisms can be used separately and in combination with each other. This section describes each of them and discusses two basic conditions for the successful utilization of these mechanisms.
Sequencing
The first mechanism for knowledge integration is the sequencing of tasks (Demsetz, 1991; Grant, 1996b; Nelson & Winter, 1982) . This mechanism exploits the specialization of organization members. As a knowledge integration mechanism, sequencing refers to the assignment of tasks to those organization members who have the relevant knowledge for it. When routines of sequenced tasks are created, individuals only need to know their part of the routine in order to realize that specialized knowledge is applied in a coordinated way (Nelson & Winter, 1982, p. 101) .
Decision Support Systems
Decision support systems are a second way to integrate knowledge. When specialists codify their knowledge and embed it in a decision support system, their original specialist knowledge can be integrated in the practices of a wide range of other organization members (e.g., Davenport & Glaser, 2002) . Advances in information technology and knowledge engineering have greatly enhanced the feasibility of this approach to knowledge integration, though there are also clear limits to its applicability (e.g., Dreyfus, 1992) .
Direction
Specialists in one area of knowledge can issue rules, directives, and operating procedures to guide the behavior of non-specialists, less mature specialists, and specialists in other fields (Grant, 1997, p. 451) . Demsetz (1991) called this mechanism "direction." Rules and directives can be interpreted as translations of a wider body of explicit and tacit knowledge into a limited instruction. The organization members applying these rules and directives do not need to fully understand the wider body of knowledge underlying them. Berends, Debackere, Garud, and Weggeman (2004) introduced thinking along as another knowledge integration mechanism. Thinking along takes place in interactions between organization members, but it differs from knowledge transfer. Thinking along consists in the temporary application of one's knowledge to somebody else's problem. The application of this knowledgeincluding tacit knowledgemay yield ideas, hypotheses, suggestions, comments, and questions that contribute to the process of knowledge creation. These contributions are much easier to communicate than the background knowledge used to produce them. Yet, through thinking along, that background knowledge gets applied to the organizational process involved. In the study of Berends et al. (2004) this mechanism was frequently found in the interactions between industrial researchers. Okhuysen and Eisenhardt (2002) limit the concept of knowledge integration to group problem-solving. This mechanism consists of the direct combination of knowledge previously dispersed over individuals in order to solve a problem or make a decision. Okhuysen and Eisenhardt emphasize that this is not just a passive process of combining pieces of knowledge in a way comparable to building with LEGO blocks or making a jigsaw puzzle. The integration of knowledge involves the active use of knowledge and the generation of new ideas, aided by the combination of knowledge. In contrast with thinking along, group problem-solving concerns a shared problem and symmetrical contributions from those involved. Group problem-solving is widely researched in field studies, such as multi-disciplinary innovation projects (e.g., Carlile, 2002; Huang & Newell, 2003) , and in experimental studies (e.g., Okhuysen & Eisenhardt, 2002; Stasser et al., 1995) .
Thinking Along

Group Problem-Solving
Knowledge Transfer
Knowledge transfer is presumably the most widely studied mechanism for knowledge integration (e.g., Hansen, 1999; Szulanski, 1996) . Though knowledge integration can be realized through knowledge transfer, knowledge transfer alone does not constitute knowledge integration. Knowledge integration requires that the receivers of knowledge are able to absorb it, combine it with their existing knowledge, and apply it to an organizational process. Past research has discovered a wide range of factors that enable or constrain knowledge transfer (e.g., Cummings & Teng, 2003; Szulanski, 1996; Van der Bij, Song, & Weggeman, 2003) . Among these factors are characteristics of knowledge such as its tacitness, characteristics of senders such as their motivation, characteristics of receivers such as their absorptive capacity, characteristics of relationships such as the level of trust, and characteristics of the organizational context such as the communication infrastructure. Furthermore, the literature distinguishes several types of knowledge transfer. For example, Dixon (2000) discerns five types of knowledge transfer: serial transfer, near transfer, far transfer, strategic transfer, and expert transfer. Dixon argues that these types of knowledge transfer are suited for different situations and conditions. Past research has identified several conditions for successful knowledge integration. Two conditions are fundamental. First, organization members need to recognize opportunities for knowledge integration (Galunic & Rodan, 1998) . Social psychologists have stressed the importance of a well-developed transactive memory system (Wegner, 1987) . Transactive memory refers to the metaknowledge people have about the knowledge and skills of others (Wegner, 1987) . Research has shown that such knowledge about others enhances sequencing (Moreland, 1999) , thinking along (Berends et al., 2004) , group problem-solving (Stasser et al., 1995; Okhuysen & Eisenhardt, 2002) , and knowledge transfer (Hollingshead, 1998) .
Second, many authors have mentioned the importance of shared understanding (e.g., Galunic & Rodan, 1998; Grant, 1996a; Tushman, 1978) . The specialization of organization members not only enables an organization to acquire the range of required expertise, it also creates diverging thought worlds and frames of reference (Carlile, 2002; Dougherty, 1992) . Boundaries between groups and practices may create serious barriers to knowledge integration. A basic level of common knowledge and a shared conceptual framework may help to overcome these barriers. Ethnographic field studies have emphasized the role of boundary objects for the success of knowledge integration. A boundary object is an object that is shared and shareable across different contexts and enables collaboration across boundaries (Carlile, 2002; Star & Griesemer, 1989 ). An example of such a boundary object is the drawing of a new machine, which can be used by different disciplines contributing to the machine.
CHARACTERIZING KNOWLEDGE INTEGRATION MECHANISMS
The existing literature describes a range of knowledge integration mechanisms. However, it does not offer a conceptual framework to distinguish and order these mechanisms. Grant (1996b) , for example, does not offer an integrated perspective on the mechanisms he introduces. This deficiency in the literature limits our ability to assess the suitability of mechanisms for different organizational processes and conditions. As a first step toward filling this gap, we introduce a dimension that characterizes and distinguishes knowledge integration mechanisms.
Knowledge integration mechanisms differ in the degree to which the application of a piece of knowledge, which is valuable for realizing an organizational process, involves somebody else other than the person having that piece of knowledge. The knowledge of an organization member can be integrated into an organizational process by directly applying it, by incorporating it in a decision support system, by translating it into a rule, by using it when thinking along with someone, by using it in group problem-solving, and by transferring it to someone else. These options differ in the amount of effort required from other persons to realize that the knowledge is applied to a specific organizational process. Two extremes are knowledge transfer and sequencing. Knowledge transfer demands high involvement from the organization members receiving knowledge, since they should absorb the knowledge and apply it in their part of the organizational process. In contrast, K sequencing only requires that everyone applies his or her knowledge to his or her own task: "While each organization member must know his job, there is no need for anyone to know anyone else's job" (Nelson & Winter, 1982, p. 105) . Figure 1 locates each of the knowledge integration mechanisms discussed in the previous section on a continuum from a low to a high degree of involvement of other organization members. Integrating knowledge via rules and directives, for example, lies between the extreme cases of sequencing and knowledge transfer. To some degree it is like knowledge transfer. Organization members other than the ones issuing a rule are needed to apply rules in an organizational process. Yet, to the degree that rules and directives are translations of larger bodies of knowledge, direction does not require as much involvement of other organization members as the transfer of those complete bodies of knowledge would have taken. Similarly, decision support systems, thinking along, and group problem-solving occupy intermediate positions.
EXPLOITATION AND EXPLORATION
Knowledge integration mechanisms characterized by a high or a low degree of involvement have different advantages and disadvantages. This has implications for their suitability for different organizational processes and conditions. In this section, we will focus on the distinction between exploitation and exploration (March, 1991) . Whereas exploration is related to the creation of new knowledge and value, exploitation involves the extraction of value from existing intellectual capital (Sullivan, 1999) . Several authors have argued that exploration and exploitation are facilitated by sharply different organizational characteristics (Benner & Tushman, 2003; Hill & Rothaermel, 2003; Levinthal & March, 1993; McNamara & Baden-Fuller, 1999 ). We will argue that exploration and exploitation also require different approaches to knowledge integration.
Exploitation is served by mechanisms that require a low degree of involvement of other organization members-except when those other organization members are able to reuse knowledge. Exploitation refers to "the use and development of things already known" (Levinthal & March, 1993, p. 105) . Exploitation requires that available knowledge is applied where effectively possible, to low costs. In general, low degrees of involvement are less costly. Being deeper involved in the application of knowledge to a particular part of an organizational process takes more time and effort. Particularly, if knowledge has to be transferred to someone else to be applied, this requires time and effort of both sender and receiver. Efficient knowledge integration is realized when the division of tasks is in accordance with the division of knowledge. That is, it is most efficient when a task is assigned to the person who has the relevant knowledge for it. This minimizes the costs associated with knowledge transfer. Thus, Grant (1996b, p. 114) states: "If production requires the integration of many people's specialist knowledge, the key to efficiency is to achieve effective integration while minimizing knowledge transfer through cross-learning by organizational members."
Matching the division of tasks to the division of knowledge-and thus avoiding mutual involvementcan be done primarily by sequencing, but direction and decision support systems also exploit specialization. As Grant (1996b, p. 115) writes: "Thus it is highly inefficient for a quality engineer to teach every production worker all that he knows about quality control. A more efficient means of integrating his knowledge into the production process is for him to establish a set of procedures and rules for quality control." To a lesser degree, the matching of tasks to knowledge can be realized by thinking along. In thinking along, the person having relevant knowledge is not assigned a separate 
Figure 1. Characterization of knowledge integration mechanisms with regard to the required involvement of other organization members
task, but applies his or her knowledge to a problem of somebody else and communicates resulting ideas for solving that problem. Matching the division of tasks to the division of knowledge is more important when the knowledge involved is tacit and when boundaries exist between bodies of knowledge (Carlile, 2002) . Those conditions make knowledge transfer more difficult, and therefore make it more important to avoid (Berends et al., 2004) .
This reasoning points at limits to the usefulness of knowledge transfer. However, as stated, when other organization members are able to reuse knowledge in later activities, knowledge transfer may be valuable. When knowledge is in line with someone's specialization, economies of scale and scope make its transfer to that person more valuable (Grant & Baden-Fuller, 2004) . For example, this is the case when best practices are transferred from one production facility to another one that uses the same kind of process (Szulanski, 1996) .
Exploration requires a different approach to knowledge integration than exploitation. Exploration is "the pursuit of new knowledge, of things that might come to be known" (Levinthal & March, 1993, p. 105) . Schumpeter and many later authors have argued that innovation stems from the recombination of existing pieces of knowledge (e.g., Galunic & Rodan, 1998; Nelson & Winter, 1982) . Accordingly, scholars working within the resource-based view argue that the innovative potential of a firm lies in its capability to recombine knowledge and other resources (Kogut & Zander, 1992; Teece et al., 1997) . Furthermore, several authors have emphasized that exploration requires the generation of variety (Benner & Tushman, 2003; March, 1991) . Given that "most new ideas are bad ones" (Levinthal & March, 1993) , many ideas have to be suggested and tried before a successful innovation is created. Combining the ideas that innovation is realized through the recombination of knowledge and that exploration requires a variety of alternatives, we claim that exploration requires knowledge integration mechanisms that create variety in opportunities for knowledge recombination. We will argue that a higher degree of involvement facilitates such variation and that, therefore, group problem-solving, thinking along, and knowledge transfer are particularly suited for exploration.
That a higher degree of involvement enables variation in knowledge integration can be attributed to three factors. First, a higher degree of involvement gives more freedom to apply knowledge in diverse ways. For example, in an ethnographic study within a research organization, we observed the following interaction. In a biweekly cluster meeting, one researcher, Patrick, told about a lubricant he used to enhance the coating of optical discs. Jason, one of his colleagues, who worked on the coating of television screens, responded: "That's a nice solution. It might also work for the coating of screens. I will try that." When knowledge is transferred to others, those persons can decide in what ways to use that knowledge and, thus, how to integrate it with their existing knowledge.
Second, a higher degree of involvement enables one to detect more opportunities for the combination of knowledge. Galunic and Rodan (1998) introduced the notion of detection capability to refer to the capability to detect opportunities for fruitful recombinations of knowledge. In the previous example, Jason used his capability to detect a possible new application of the idea presented by Patrick. In group problem-solving or thinking along, each person involved can use his or her capability to detect ways to combine knowledge. Thus, especially when several people are jointly involved, the chances are higher that new combinations of knowledge are detected.
Third, the value of joint involvement for exploration also originates from the unexpected associations and reactions that interactions can trigger (Berends et al., 2004) . For example, Okada and Simon (1997) found that specifically the questioning of each other's ideas is one of the strengths of group problem-solving. A question may trigger a new problem representation, which may trigger new ideas, which in turn may raise evaluative comments, and so on. Such a process prompts the knowledge bases of each of the persons involved in heterogeneous and unexpected ways.
CONCLUSION
Knowledge integration is of crucial importance when production or innovation requires knowledge from several organization members. The literature suggests several mechanisms for knowledge integration (though these mechanisms are not always interpreted in this particular way). In this article, we contributed to the study of knowledge integration by introducing a dimension that captures important differences between knowledge integration mechanisms. This dimension is the degree of involvement of other organization members that is required by a knowledge integration mechanism. Furthermore, we used this dimension in a discussion of the value of different mechanisms for exploitation and exploration.
Future research is required for the further development of theoretical and practical insight in knowledge integration. First, a number of conceptual issues require additional attention. What other dimensions can be used to differentiate knowledge integration processes and mechanisms? What is the relationship between task K integration mechanisms and knowledge integration mechanisms? Second, theory building should extend beyond what has been presented in this article and include other characteristics of knowledge integration, contextual factors, and organizational outcomes. Furthermore, the arguments on the suitability of knowledge integration strategies for exploration and exploitation presented in this article should be rigorously tested. Third, we need more insight in the way in which each of the knowledge integration mechanisms can be realized and facilitated. Special attention is required for strategies to overcome boundaries between disciplines and strategies to deal with uncertainty and ambiguity within disciplines. We believe that the advancement of insight will be served by continuing the utilization of a multitude of methodological approaches, including qualitative field studies (e.g., Ravasi & Verona, 2000) , quantitative survey research (e.g., Hansen, 1999) , experimental studies (e.g., Stasser et al., 1995) , and simulation studies (e.g., Marengo, 1993 
KEY TERMS
Direction: Direction refers to specialists issuing rules, directives, and operating procedures to guide the behavior of non-specialists, less mature specialists, and specialists in other fields. Rules and directives can be interpreted as translations into a limited instruction of a wider body of explicit and tacit knowledge on a subject.
Division of Knowledge:
The division of knowledge refers to the way in which knowledge is dispersed over organization members, groups, and departments. The division of knowledge varies from a low degree of differentiation (a high degree of redundancy) to a high degree of differentiation (a low degree of redundancy).
K
Exploitation: Exploitation refers to the use and development of things already known. It consists of making the most of current knowledge and learning how to execute current activities better. Exploitation is the opposite of exploration. If organizations do not exploit, they will have high costs and low incomes.
Exploration: Exploration refers to the pursuit of new knowledge, of things that might come to be known. It consists of learning completely new things and is associated with radical innovation. Exploration is the opposite of exploitation. If organizations do not explore, they can get stuck in a suboptimal or deteriorating situation.
Knowledge Integration: In most organizations, the knowledge required for innovation and production lies dispersed over individual organization members, groups, and departments. The performance of organizations depends on the integration of that specialized knowledge. Knowledge integration is the process in which different pockets of knowledge, which are valuable for a particular organizational process and held by different organization members, are applied to that organizational process.
Knowledge Integration Mechanism: Knowledge integration mechanisms are mechanisms through which the process of knowledge integration can be realized. The existing literature describes sequencing, decision support systems, direction, thinking along, group problemsolving, and knowledge transfer as knowledge integration mechanisms.
Sequencing: As a knowledge integration mechanism, sequencing refers to the assignment of tasks to those organization members who have the relevant knowledge for it. When creating routines of sequenced tasks, individuals only need to know their part of the routine in order to realize a coordinated application of knowledge.
Thinking Along: Thinking along consists in the temporary application of one's knowledge to somebody else's problem. This includes the application of tacit knowledge, intuitions, associations, and hunches. The application of this knowledge may yield ideas, hypotheses, suggestions, comments, questions, and so on.
